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Abstract

This paper estimates both long run and short run possibly asymmetric pass-through of sales tax changes, using
a novel identification methodology from ICMS tax withholding or “substituição tributária” of gasoline prices
in Brazil. The estimates show that there is no anticipation of tax changes, even if new taxes in Reals are
publicized in advance. The empirical results indicate possibly asymmetric pass-though of taxes to prices, but
with the positive and negative effects very close to one and time varying. The tax appears to be fully shifted.
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1 Introduction
The dynamics of gasoline prices and their relationship to collected taxes have long been a topic of interest

for both researchers and consumers (e.g. Genakos and Pagliero, 2022; Dimitrakopoulou et al., 2024). Un-
derstanding the asymmetric transmission of tax changes to gasoline prices is crucial for policymakers, as it
can provide insights into the behavior of fuel markets and guide effective policy interventions (Apergisa and
Vouzavalis, 2018, 2018 and Genakos and Pagliero, 2024 as examples). Moreover, consumers are highly aware
of fluctuations in gasoline prices, making it essential to investigate the factors driving price adjustments and
their nature. Lastly, this work may be of interest to policymakers in public finances, as the price’s response to
tax variations holds significant relevance and implications for fiscal policies and public revenue management
and its influence on the final consumer price.

The pass through of sales tax is a topic with a long literature (Atkinson and Stiglitz, 1972, e.g.). More recent
studies have considered both asymmetric effects (Benzarti et al., 2020; Asplund et al., 2000 and Schmerer and
Hansen, 2023) and anticipation effects (Coglianese et al., 2017). The main concern is that tax increases may be
fully shifted to consumers, and that tax decreases may be cashed in by retailers at the expense of consumers.
While asymmetric effects of cost increases in fuel have been studies in Brazil (Melo et al., 2021 on LPG; and
Canêdo-Pinheiro, 2012 on diesel), there are no models that account for the possibility of asymmetric responses
both at the short run and long run.

Genakos and Pagliero (2022) and Dimitrakopoulou et al. (2024) show that the pass-through of a tax down
the supply chain depends on the nature of the tax, whether an excise, per unit tax or a VAT (value added tax).
Competition levels are also important to undertand the extent of the pass-through.

Gasoline sales in Brazil provide a very interesting opportunity to explore the pass-through of taxes to prices.
Before the recent changes in the ICMS tax of fuels (Law -Lei Complementar 19-, 2022) the tax was a value
added tax, that was replaced by a de facto excise tax. The supply chain of liquid fuels and petroleum-derived
lubricants in Brazil is intricately tied to the Tax on Circulation of Goods and Services (ICMS)1, the largest
non-federal value added tax in the country. The recent change organized at an actual practice of all 27 states in
the Union.

The implementation of the gasoline VAT in Brazil deviates from its traditional form. Tax collection respon-
sibility across all industry chain (refineries, distributers and retailers) is shifted to the refineries to minimize tax
evasion. This tax withholding, known as ”substituição tributária,” streamlines tax collection by reducing the
number of tax collectors.

To make the tax withholding mechanism possible, each state’s fiscal authority estimates an expected price
to the final consumer, called the “Weighted Average Price to Final Consumer”2. The difference between PMPF
and refinery prices create the value added for the tax rate to be applied and tax amount to be withheld by the
refinery.

The PMPF serves as the tax base for ICMS incidence and is determined through a survey of fuel prices
charged at the pump. If the estimated retail price PMPF in a given state is set at, say, USD 1.00 per litter and
the refinery price is estimated at USD 0.50 per litter, the tax office declares that in the coming weeks each litter
will have a, say USD 0.125 per litter (based on a 25% VAT rate) until the next PMPF revision, whatever the
actual prices at the refinery and retailer are. The VAT becomes a de facto excise rate between PMPF revisions.

This tax withholding mechanism creates a unique opportunity to identify the pass-through of these tax
changes to retail prices. It is published every two weeks on the CONFAZ website, the national board of state
tax agencies. The PMPF calculation takes into account the prices charged for different fuels and the volumes
sold, with larger, high-volume locations having a significant influence on the final estimated value. Given their
small size, isolated, smaller locations price dynamics do not influence PMPF prices, rendering the tax change

1Direct translation from the portuguese “Impostos sobre Circulação de Mercadoria e Serviços”
2Direct translation from portuguese “Preço Médio Ponderado a Consumidor Final (PMPF)”
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exogenous to local market conditions. The isolated markets are selected based on distances between cities to
address geographical arbitrage issues, a point addressed in Genakos and Pagliero (2022) and other papers. We
explore different distance thresholds to identify these isolated markets.

This paper aims to examine the impact of taxes on the retail and distribution prices of Common Gasoline,
focusing on changes in the ICMS tax base due to the bi-weekly publication of the PMPF. The present work
intends to understand how these variations in costs are transmitted to the final consumer price, considering the
unique characteristics of the PMPF calculation as a volume weighted average. Additionally, the paper explores
an alternative causal chain where changes in tax due at the refinery level may impact retail prices directly or
indirectly through anticipation by retailers or distributors.

This work aims to fill this gap by examining the possibly asymmetric pass-through of changes in the ICMS
tax, a significant component of gasoline prices in Brazil, to both retail and distribution prices of Common
Gasoline.

By employing a NARDL model we estimate the impact of changes in the ICMS due to the retail and dis-
tribution prices of Common Gasoline. The models account for pass-through asymmetries in both the short and
long run. The methodology proposed presents a flexible framework, allowing the construction of restricted
models of interest, as imposing symmetry conditions for the short and long runs alternatively.

The results indicate that short-run pass-through asymmetries are statistically insignificant in the majority of
the periods analyzed. However, significant long-run asymmetries are observed. For the retail price, positive
shocks in the ICMS collection lead to a higher average pass-through compared to negative shocks in the first
three periods. In the fourth period, the opposite trend is observed, with negative changes in costs being slightly
more passed on to the final price. Similar patterns are observed for the distribution price, with statistically sig-
nificant long-run asymmetries. It’s important to note that, even though the long-run asymmetries are statistically
significant, they are numerically close, and both negative and positive shocks tend to integral passthrough.

Furthermore, models that consider asymmetries only in the short run also fail to find statistically significant
asymmetries, except for the first period in the retail price model. The overall pass-through estimates remain
similar to the unrestricted models.

Finally, the models that impose symmetry in both the short and long run yield similar cumulative pass-
through effects, with values close to unity for most periods, indicating integral pass-through from ICMS varia-
tions.

These findings are in line with previous studies that have reported short run asymmetries in fuel markets.
The results suggest that, in the Brazilian context, pass-through asymmetries are more pronounced in the long
run compared to the short run. However, the overall pass-through remains close to unity, indicating a significant
transmission of changes in the ICMS to gasoline prices.

This is an ongoing research. Jointly with theNational Fuel Regulator (ANP)we are building supply structure
data for eachmarket (number of fuel retailers and their size), where wewill explore the effect of market structure
on pass-through rates (as inGenakos and Pagliero, 2024 but with a richer price dynamics specification).

The subsequent sections of the study will delve deeper into the institutional context, data sources, and
existing literature on the topic to further analyze and understand the relationship between taxes and fuel prices
in Brazil.

2 Institutional Context: The value added tax (ICMS) in the fuel supply
chain

Among all the taxes imposed on the sale of liquid fuels and petroleum-derived lubricants, the largest that is
not under federal jurisdiction is the ICMS (Tax on Circulation of Goods and Services). ICMS is an ad valorem
tax with rates de facto defined independently by each federal entity. The tax base onwhich the ICMS is imposed,
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and the base on which the tax due is calculated is the value added, i.e., the difference between the cost of inputs
bought and the price of goods sold. The tax rate is a percentage, not a fixed, rate. As a value-added tax, it
should be collected at every stage of the production chain (Ebrill et al., 2001, e.g.). For administrative issues,
the ICMS on liquid fuels in Brazil is subject to a different implementation, where the refinery is responsible for
withholding the tax due on the next steps of the fuel chain (distributors and retail gas stations). Tax withholding
or “substituição tributária” in Portuguese, aims to reduce the number of taxpayers responsible for collecting
tax so to reduce tax evasion. The taxpayer chosen to withhold the tax usually have complex organizational
structures with detailed commercial and tax records that can afford the additional burden.

In the case of petroleum-derived fuels and ethanol, the refinery and the importers are usually responsible
for collecting and withholding the tax on subsequent operations. (Cavalcanti, 2006)

The tax substitution regime requires an estimate of the price or profit margin throughout the chain. The
main methodology for calculating ICMS on fuels, currently adopted by all states and the Federal District, is
based on an average price for the final consumer (PMPF). The PMPF is calculated and published every two
weeks on the CONFAZ (the national board of state tax agencies) website.

A survey is used to determine the PMPF base price, as it is based on the prices charged at the pump for
the following products: Regular Gasoline, Premium Gasoline, Ethanol, Diesel S-500, and Diesel S-10. PMPF
values for the first half of a given month are determined by the prices charged at retail in the first half of the
previous month. The same dynamic is followed for the second half of each month.

The PMPF calculation is carried out by the Treasury Department (SEFAZ) of each state, using data from all
municipalities in the state. The SEFAZ of each state uses the prices and volumes registered with each invoice
at the tax agencies. The amount consumed of each fuel determines the proportion used in the final PMPF
calculation. The PMPF is decided based on the prices of the same fifteen days of the previous month. For this
reason, the PMPF is mainly determined in larger cities, that account for a larger share of the volume sold. For
this reason, this work proposes to look to smaller cities to which the change in the PMPF is exogenous.

Note that the ICMS tax withholding effectively translates the VAT tax rate into a fixed value (in Reals)
consumption tax. When posting the PMPF, the tax due is now fixed in Reals, from the calculation of the PMPF
estimate of the sale price with respect to the refinery price times the tax rate. In 2023, a constitutional change
altered the exceptional ICMS tax withholding procedure into a statutory consumption tax, where the tax due is
defined in Reals.

The proposed causal effect identification mechanism uses the PMPF calculation methodology to analyze
the effect of taxes on the retail and distribution prices of liquid fuels. The tax that makes up the final price
of fuels in each state may change from two effects: the current tax rate and the PMPF published by the state
treasury department. Due to the withholding tax regime, the value of ICMS depends on the ”presumed” value
of the retail price, the PMPF, which is based on prices observed in the retail market in the previous month.

Asmentioned above, the PMPF is published biweekly by CONFAZ (National Council of Fiscal Policy). The
published PMPFs alter the ”tax base” of the ad valorem tax. This generates exogenous changes in the amount
of tax due, exogenous with respect to the retail price. Our interest is to investigate how the transmission of these
costs changes towards the final consumer price.

An important characteristic of the calculation of the PMPF carried out by the treasury departments is ex-
plored. Given volumes sold across municipalities, the PMPF, a weighted average of gas station prices and
volumes, is largely determined in large, high volume, locations. Therefore, in smaller cities changes in the tax
due would be exogenous in relation to market dynamics, if local demand shocks are independent of large market
shocks. Nevertheless aggregate, large market schocks can be controlled for in a panel analysis.

The tax increase at the refinery may reach the retail gas station either because the input bought at the dis-
tributor has a higher price that is transmitted to the retail. Or the retailer itself anticipates an increase in the
distribution price and passes on the expected tax increase directly, before purchasing fuel at the higher tax price
from the distributor.
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In either case, the changes in fuel costs to retailers are exogenous to local demand conditions in smaller,
isolated from large markets, localities as the PMPF calculation basis accounts for the volume of consumption.
The additional causal chain may change the timing of the effect, from the regular distributor-retailer supply
cycle to an immediate change when the new tax is due. The second possible causal chains points to the need to
control for anticipation of the tax increases by retailers (or distributors).

The proposedmethodology aims to contribute to the discussion on how taxes affect the retail and distribution
price, and if gas stations and distributors anticipate a tax variation. This methodology also makes it possible to
assess the existence of asymmetries between tax increases and decreases and to estimate the cumulative effect
of these changes in the investigated price. Thus, this work aims to analyze both the short-run and long-run
relationship between the ICMS and the price.

3 Data
This section will present the data sources used in this study. The main sources used are the weekly price

data for the retail and distribution of gasoline, from the Brazilian National Agency of Petroleum, Natural Gas
and Biofuels (ANP). The PMPF prices are published every 15 days by the National Council for Fiscal Policy
(CONFAZ). And population (municipality size) obtained from the Brazilian Institute of Geography and Statis-
tics (IBGE). A similar data set is used by Melo et al. (2021) to estimate pass-through in the fuel chain given an
exogenous change in a tax increase.

The weekly prices for the retail and distribution of gasoline were obtained from ANP, the Brazilian regula-
tory agency of the fuel sector.3 This is the main data source for the proposed methodology, and it’s elaborated
in the context of the Fuel Price and Commercialization Margins Survey (LPMCC), a survey held by ANP that
collects the price for several fuels in gas stations across Brazil, using a seemingly random selection of gas
stations.

The ANP has been conducting a version of the LPMCC since 1996. This survey aims to inform the general
public about fuel prices and margins. Citizens could compare local prices or prices from a gas station with
regional and national prices at the ANP website. This was expected to increase competition from increased
transparency.

However, the survey has changed since its inception in the early 2000’s. The changes may be significant
and create non-representative or large changes in average prices. We document the most significant changes,
that will influence our data time and regional coverage.

Up to October 30, 2004, the resale and distribution prices were calculated using a simple arithmetic average
at the state, regional, and national levels. From November 2004 these average prices were weighted averages
based on the sales information provided by distributors to ANP. For this reason only periods later than this date
were chosen for the present work.

Later, in August 2015, due to budgetary issues, the number of surveyed localities was reduced from 555 to
501. The exclusion of localities was limited to municipalities with fewer than nine operating automotive fuel
retail stations in March 2015.

Between July 30, 2017, and December 30, 2017, the sample was further reduced: the geographical localities
decreased from 501 to 459. More importantly, the survey frequency changed: State Capitals (almost always the
largest city in the state) and the Federal District were surveyed weekly, while another 432 municipalities were
surveyed every other week on alternating weeks. On December 31, 2017, the weekly frequency was resumed
for all 459 municipalities included in the LPMCC (Fuel Price and Commercialization Margins Survey).

The most significant and relevant discontinuity in the survey occurred with the renewal of the survey con-
tract, in late 2021, as can be seen in Figure 1. Similar to what happened between July 30, 2017, and December

3The used data can be found at https://www.gov.br/anp/pt-br/assuntos/precos-e-defesa-da-concorrencia
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30, 2017, the sample was reduced, and a staggered implementation of fieldwork of the survey was created. The
reduction in the number of interviewed stations was more significant than in the previous case. In this more
recent case, the groups were not periodically surveyed, and a progressive implementation schedule was created,
where the locations to be added were mostly at the discretion of the contracted company. Additionally, in the
absence of more detailed explanations, the stations interviewed within a location or municipality are also at the
discretion of the contracted company.

To surpass the above problems of continuity in the data set, the panel data used is composed of four periods
that maximize the sample size across time, while mitigating the effect of survey changes. The data was selected
as follows:

• 1º period: from 01/01/2006 to 15/08/2009, or 189 weeks;

• 2º period: from 05/12/2009 to 15/08/2017, or 298 weeks;

• 3º period: from 23/12/2015 to 29/07/2017, or 84 weeks; and

• 4º period: from 09/06/2019 to 22/08/2020, or 116 weeks;

This division can be visualized in Figure 1, and it’s clear where the interruptions and discontinuities in the
survey held by ANP are localized. Four periods are selected based on the criteria of creating continuous periods
where it’s possible to avoid survey discontinuities and create the biggest possible balanced panels.

Figure 1: Gas stations interviewed every week

Source: self-elaboration based on data retrieved from ANP’s website. The periods coloured in red signalize the
periods chosen to carry the estimation of the proposed methodology.

Figures 2 and 3 display the mean price difference between large cities, those with at least 300.000 residents,
and smaller cities, those with less than 300.000 residents for all four periods considered. A common trend
emerges from the close observation of the time series plotted - the means of the retail and distribution price.
The retail price appears to be significantly bigger in smaller cities, compared to cities with more than 300.000
residents. Also, this does not appear to be the case regarding the distribution price, which presents a much
smaller apparent difference between the mean price observed in smaller and bigger cities.
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Figure 2: Retail price difference between small and large cities

Source: based on data from ANP and IBGE. The vertical lines present the mean price in R$ per liter of Com-
mon Gasoline, and the horizontal axis represents the date. The blue line represents big cities and the red line
represents small cities, and the panels are arranged by time periods

Figure 3: Distribution price difference between small and large cities

Source: Based on data from ANP and IBGE. The vertical lines present the mean price in R$ per liter of Com-
mon Gasoline, and the horizontal axis represents the date. The blue line represents big cities and the red line
represents small cities, and the panels are arranged by time periods
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As stated, the ICMS is due at the refinery level of the supply chain, and distribution, and retail levels of the
product chain is withheld at the refinery or the importer. To levy the tax based on the cumulative value added
across the chain, an estimate of the final price to the consumer will is required. The PMPF is calculated by each
state’s tax agency (SEFAZ) and published biweekly by the CONFAZ, as described in section 3.

The PMPF data is published biweekly on the CONFAZ’s website. However, no aggregate information or
series is available and we manually retrieved the information for every period. Considering the period length
proposed in the presented work a webscrapping solution was employed to retrieve those prices and, in addition
to the statutory percentual tax rate defined by each state’s legislation4, to calculate the unit tax charged in each
liter of fuel, in our case Common Gasoline.

Finally, the populational data necessary to carry out the division between small and big cities is from IBGE.
We use both the census data, as well as the estimated population to determine the number of residents in each
municipality.

4 Literature Review
Acknowledging the non-linearity inherent in many macroeconomic variables and processes has been well-

established over time. Keynes (1936, p. 314) famously remarked that substituting a downward trend with an
upward one often occurs suddenly and forcefully, while transitioning from an upward trend to a downward one
typically lacks a sharp turning point. 5

The correlation between fluctuations in oil prices and their impact on gasoline prices holds considerable
significance for both consumers, who display heightened sensitivity to the financial implications of fuel expen-
ditures for their vehicles, and researchers, who frequently encounter requests to offer viable justifications for
the observed temporal dynamics in the relationship between oil and gasoline prices.

The general consensus among consumers that gasoline prices exhibit swift responses to increases in oil
prices but slower adjustments to decreases in oil prices has been widely investigated. Additionally, Recent price
levels observed in both oil and gasoline markets, coupled with uncertainties surrounding supply and reserve
availability, as well as the escalating global energy demand, have revitalized interest in exploring the asymmetric
transmission of oil price changes to gasoline prices.

The literature regarding the asymmetric price response is extensive, primarily related to the fuel market.
The question of whether there exists a difference in response to price increases and decreases, both in the speed
of adjustment and absolute value was first considered by Bacon (1991). Using biweekly data from the United
Kingdom’s gasoline market the author found that the increases in the cost of refined gasoline were usually
integrally transmitted to the final consumers in a period of two months, while decreases in the cost took an
extra two weeks to be fully transmitted.

The use of Error Correction Models (ECM’s) has a long history in the investigation of asymmetric relation-
ships in the oil and fuel industry. According to Frey and Manera (2007), one of the first papers to propose a
rigorous ECM model for assessing asymmetric price adjustments was Kirchgässner and Kübler (1992). Using
monthly price data for Western Germany in a 17-year period, comprising from 1972 to 1989, the authors tested
for cointegration and, when it cannot be rejected, fitted both symmetric and asymmetric ECM’s models. Al-
though not allowing asymmetry to exist in the long run, the author found considerable asymmetry in the short
run.

Shin (1994), however, investigating the relationship between the price of products and the price of oil for
the US in the period spanning from 1982 to 1990 found no evidence, through applying dynamic models, of
asymmetric pass-trough between the “cost” of oil and the final price of oil products. In fact, previous studies,

4The tax rate was obtained from the FECOMERCIO’s (Trade Federation) annual reports available at their website.
5As pointed by Shin et al. (2014, p. 281)
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such as Karrenbrock et al. (1991) studied the transmission of cost to the prices of several types of gasoline -
mainly leaded, unleaded, and premium.

One hallmark work on the use o ECM’s to measure asymmetries in the fuel market was presented by Boren-
stein et al. (1997). The authors use weekly data from the US to detect asymmetries in different levels of the
distribution chain, for that the authors use four different price sources: crude spot prices, gasoline spot prices,
wholesale prices, and retail prices. Additionally Borenstein et al. (1997) use an instrumental variable approach
by applying a TSLS where the crude oil spots are used as instruments for the change in the cost of gasoline. It
found strong and persistent asymmetries throughout the fuel chain, where the negative decreases in prices were
not fully passed to the final consumer.

As noted by Grasso and Manera (2007) the authors of Borenstein et al. (1997) propose three theoretical
interpretations for the reasons for the asymmetries found. First, relay the existence of a focal point for collusion
of the oligopolistic sellers following a drop in the price. Second, conjectures that production lags and inventory
management allow for a faster accommodation of negative shocks. Third, proposes that, due to the volatility in
crude oil prices, there’s a lower payoff from consumer search that makes outlets less competitive, this hypothesis
is supported in later work at Borenstein and Shepard (2002).

An interesting theoretical proposition comes from Radchenko (2005). The authors use a time-series ap-
proach, through a VAR model, to support the construction that the degree of asymmetry in gasoline prices
declines with an increase in oil price volatility. Using GARCH estimates, the author found results that sup-
port the thesis that oligopolistic coordination is a possible explanation for the asymmetries observed in the fuel
market.

Building upon the work of Borenstein et al. (1997), Balke et al. (1998) uses the distributed lag model and
an ECMmodel that allows for both short-run and long-run asymmetries in price transmission. This is probably
the first work that robustly utilizes both forms of asymmetries, although it does not find compelling evidence
of its existence.

The Brazilian literature on the theme is also noteworthy. Canêdo-Pinheiro (2012) investigates the asymme-
try in price transmission of wholesale diesel to final consumers in Brazil. The results show that price adjustments
are asymmetric both in the short and long run, with a complete response to wholesale price reductions taking up
to ten months. The author arrives at these findings by employing an error correction model to explain the mech-
anism of diesel price transmission, and it tests various types of asymmetry, both short-term and long-term. The
paper also innovates by investigating the impact of the presence of structural breaks in long-term relationships
on asymmetry tests, as suggested in Meyer and von Cramon-Taubadel (2004).

Additionally, Uchôa (2008), in previous work, has looked at another link of the gasoline supply chain. The
author looks at the asymmetry between oil prices and retail prices and employs a Threshold Autoregressive
(TAR) model and a Momentum-threshold Autoregressive (M-TAR) model to estimate the speed of adjustment
for positive and negative discrepancies, after testing for cointegration on the relevant variables. Using data
from the nominal exchange rate BRL/USD, the resale price of gasoline, and the price of oil on the international
market the results show that gasoline prices recover 90% of negative variations from one period to another, but
only 5% of positive differences are adjusted. Also, it is found that positive variations have a faster speed of
adjustment, compared to negative variations.

Until this moment, the economic literature faced two main obstacles when modeling asymmetries: first,
the lack of a flexible and reliable framework that allows for customizing both the long-run and the short-run
between the investigated variables. Second, andmore frequent in the case of the fuel supply chain, is the possible
endogeneity between the related variable of cost and price. Even within a distributed lags framework6, a few
authors, like Borenstein et al. (1997), have employed a two-stages approach to dealing with the endogenous
nature of costs and price.

6According to Pesaran et al. (2001) the ARDL model is applicable even when the explanatory variables are endogenous
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The next relevant advance in the literature related to the estimation of asymmetries, proposed by Shin et al.
(2014), aims at answering these problems. The methodology described by the authors is the foundation of the
work developed in this study and will be explained in detail in the Methodology section. The motivation behind
the development of this method by the authors was to construct a straightforward and adaptable nonlinear dy-
namic framework that can effectively model asymmetries in both the underlying long-term relationship and the
dynamic adjustment patterns. The authors establish the dynamic error correction representation associated with
the asymmetric long-term cointegrating regression, thereby introducing the nonlinear autoregressive distributed
lag (NARDL) model.

Additionally, Shin et al. (2014) calculate asymmetric cumulative dynamic multipliers that enable us to an-
alyze the asymmetric adjustment patterns following positive and negative shocks to the explanatory variables.
This feature holds significant theoretical appeal as it allows for an intuitive depiction of the transition to a
new equilibrium after a disturbance to the system. The flexibility of our framework is noteworthy as it read-
ily accommodates various specifications and can effectively capture the complex dynamics of the underlying
process.

Since its development, it has been successfully utilized to further expand the ongoing research on asym-
metric passthrough. Relevant works include Pal and Mitra (2015), Atil et al. (2014), Apergisa and Vouzavalis
(2018), Greenwood-Nimmo and Shin (2013) and Bagnai and Ospina (2015).

Pal and Mitra (2015) uses a multiple threshold NARDL model to investigate the asymmetric relationship
between crude oil and petroleum products. The authors employ the model described in Shin et al. (2014) and
use weekly time series for the United States comprising of prices for common gasoline and diesel for different
locations as well as the price and volume of crude oil. The authors conclude for the existence of relatively high
asymmetries in the investigated passthrough. On the same line, Atil et al. (2014) uses the same methodology
to investigate pass-through of crude oil prices into gasoline and natural gas prices. The authors find significant
asymmetries both in short and long run.

5 Methodology
This section outlines the proposed methodology and presents its uses in the proposed identification strategy.

As previously mentioned in Section 4 although the intuition behind the model proposed by Shin et al. (2014)
has been used since Borenstein et al. (1997) by applying partial sum decomposition to the shock or cost vari-
able. This section presents the basic functioning of the NARDL (Non-linear Autoregressive distributed lag)
model. The framework proposed by Shin et al. (2014) allows for, in addition to the mains model, modeling for
restrictions in the short-run and long-run asymmetries.

The equations used to obtain the results, for all four periods, are presented and will be the basis for inter-
preting the results presented in Section 6.

5.1 Base NARDL specification
Consider the following long-run asymmetric regression:

yt = β+x+
t + β−x−

t + ut, (1)
∆xt = vt (2)

where xt = x0 + x+
t + x−

t and where x+
t and x−

t are partial cumulative sum process of positive and negatives
changes in xt. It’s described as follows:
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{
x+
t =

∑t
j=1 ∆x+

j =
∑t

j=1max (∆xj, 0)

x−
t =

∑t
j=1 ∆x−

j =
∑t

j=1min (∆xj, 0)
(3)

Schorderet et al. (2003) generalizes this concept, defines this system of equations, and investigates its pro-
prieties. First, assume that {x+

t }Tt=1 and {x−
t }Tt=1 are the time-series generated by the partial sum process of the

positive and negative shocks defining the level of the original time-series at time t, as described in equation 3.
Given the usual dynamics of time series, in order to have a dynamically complete model we should consider

an autoregressive, distributed lag model (ARDL). The time series properties of the variables may influence
the specification. Schorderet et al. (2003) explored in detail the properties of the variables in the asymmetric
regression, assuming that {xt} is a random walk process, with a possible linear time trend in the mean.

Additionally, assuming that {xt} is a random walk process, {x+
t } and {x−

t } are integrated of order 1. And
Cov(∆{x+

t },∆{x−
t }) ̸= 0 emphasizes that {x+

t } and {x−
t } are not independent.

Schorderet et al. (2003) expands on this idea, and builds the following stationary linear combination of the
partial sum components:

zt = β+
0 y

+
t + β−

0 y
−
t + β+

1 x
++
t + β−

1 x
−
t

The long-run asymmetric regression can be incorporated into the ARDL approach that was popularized by
Pesaran et al. (1995) and Pesaran et al. (2001). Consider the following nonlinear ARDL(p, q) model:

yt =

p∑
j=1

ρjyt−j +

q∑
j=0

(
θ+′
j x+

t−j + θ−′
j x−

t−j

)
+ εt (4)

where xt is a k × 1 vector of regressors such that boldsymbolxt = x0 + x+
t + x−

t , ρj is the autoregressive
parameter, θ−j and θ+j are the asymmetric distributed lag parameters, and εt is a stochastic error term.

As pointed out by Shin et al. (2014), it is possible to rewrite equation (4) in the error correction form. The
final form of interest is represented below, where ∆yt can be either the variations of the retail price ∆Rt, i or
the distribution price ∆Dt, i:

∆yt = ρRt−1, i + θ+′ICMS+
t−1, i + θ−′ICMS−

t−1, i +

p−1∑
j=1

γj∆Rt−j, i

+

q−1∑
j=0

(
φ+′
j ∆ICMS+

t−j, i + φ−′
j ∆ICMS−

t−j, i

)
+Xt, i + εt, i

(5)

where ϕ =
∑p

j=1 ρj − 1, γj = −
∑p

i=j+1 ρi for j = 1, . . . , p − 1, θ+ =
∑q

j=0 θ
+
j and θ− =

∑q
j=0 θ

−
j ,

φ+
0 = θ+

0 and φ−
0 = θ−

0 , φ
+
j = −

∑q
i=j+1 θ

+
j for j = 1, . . . , q − 1, φ−

j = −
∑q

i=j+1 θ
−
j for j = 1, . . . , q − 1,

ξt = yt − β+′x+
t − β−′x−

t is the nonlinear error correction term where β+ = −θ+/ϕ and β− = −θ−/ϕ are
the associated asymmetric long-run parameters.

In the context of the study conducted here, equation (5) will be estimated for the impact of the unit cost in
Reais/(R$) of ICMS tax on the distribution price (Dt) and the retail price (Rt) price for every city considered
in the sample.

As pointed out by Bertsatos et al. (2022), panel dynamic fixed effects have been broadly used in empirical
works to derive and analyze panel datasets and obtain long-run dynamic multipliers, using a distributed lags
approach. However, it is known that a model with lagged variables and fixed effects in the form of dummy
variables can be biased when the time dimension fo the panel, in our case weeks, is small. On the other hand,
it’s important to note that: “When the time dimension, T, is large then, it is legit to use this estimator since
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the familiar downward lagged dependent bias (...) is eliminated given a large number of cross sections, N.”
(Bertsatos et al., 2022, p. 2)

That is precisely our case, as the smallest period considered (the third period) consists of a large T (84
weeks) and a large N (375 municipalities), and our largest period, the second one, accounts for 298 consecutive
weeks. Those numbers are well within the range proposed by Judson and Owen (1999) for balanced panels, as
is also the case for the dataset used in the estimations developed.

5.2 Asymmetric Dynamic Multipliers
As proposed by Shin et al. (2014) for deriving the cumulative effect, or cumulative dynamic multiplier, of

a positive and negative change in ICMS, we first consider the ARDL-in-levels representation of equation (5):

ϕ(L)yt = θ+(L)x+
t + θ−(L)x−

t + et (6)

Here, ϕ(L) = 1 −
∑p−1

i=1 ϕiL
i, θ+(L) =

∑q
i=0 θ

+
i L

i, and θ−(L) =
∑q

i=0 θ
−1
i Li.11 By premultiplying the

previous equation by the inverse of ϕ(L), we derive:

yt = λ+(L)x+
t + λ−(L)x−

t−i + [ϕ(L)]−1et, (7)

where λ+(L)
(
=

∑∞
j=0 λ

+
j

)
= ϕ(L)−1θ+(L) and λ−(L)

(
=

∑∞
j=0 λ

−
j

)
= ϕ(L)−1θ−(L). The cumulative

dynamic multiplier impacts of x+
t and x−

t on yt can be assessed as follows:

L+
ICMS,h =

h∑
j=0

∂yt+j

∂ICMS+
t

=
h∑

j=0

λ+
j ,

L−
ICMS,h =

h∑
j=0

∂yt+j

∂ICMS−
t

=
h∑

j=0

λ−
j , for h = 0, 1, 2 . . .

(8)

From equation (8) we can derive that as h → ∞ then β+ → θ+/ρ and β− → θ−/ρ that are the asymmetric
long-run coefficients defined in equation (5).

To obtain the dynamic multiplier in a model that only considers the existence of short-run pass-through
asymmetries, such as the model developed by Borenstein et al. (1997), we first have to add a restriction to
equation (5) to impose symmetry in the long-run. That is, if θ+ = θ− = θ equation (5) simplifies to:

∆yt = ρyt−1 + θxt−1 +

p−1∑
i=1

γi∆yt−i +

q−1∑
i=0

(
φ+∆x+

t−i + φ−∆x−
t−i

)
+ et (9)

In this model, in line with the derivation presented in the previous section, the dynamic multiplier will be
defined as the ratio −θ/ρ, the same will be true for the more restrictive model defined below.

Analogously, it’s possible to define a model that accounts only for long-run asymmetries imposing that
φ+ = φ− = φ. Finally, the most restrictive model that can be estimated using the NARDL framework proposed
by Shin et al. (2014) is considering both the previous symmetric impositions, for the long-run and the short-run,
such that the equation

5.3 Bounds-Testing
The ARDL model is suited for cointegration testing, using the bounds-testing analysis to investigate the

long-run asymmetric relationship between the variables selected for the study. It is hypothesized that asym-
metries exist in the short-run dynamics of these variables. Shin et al. (2014) provides a detailed operational
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procedure for testing the existence of asymmetric cointegration in the long-run dynamics of the base model,
specified in equation (5) if the variables are weakly exogenous.

As in Shin et al. (2014), one begins by using a t-statistic to test whether ρ = 0 against ρ < 0 in (5). We will
call that statistic tBDM . Following Pesaran et al. (2001) an F-test on the joint null hypothesis: ρ = θ+ = θ− em
(5) should be used. This will be called FPSS statistics.

The actual critical values of the statistics depend on the integration level of the variables.7 This may be
subject to pre-test bias as unit root tests are well known for their distortions and lack of power. To overcome
these difficulties, Shin et al. (2014) proposes undertaking the pragmatic “bounds-testing” proposed by Pesaran
et al. (2001). That is:

Two extreme cases can be identified, one in which the level regressors x+
t and x−

t in (9.10) are all
I(1), and the other in which they are all I(0). It follows that critical values tabulated for these two
scenarios provide critical value bounds for all classifications, irrespective of whether the regressors
are I(0), I(1), or mutually cointegrated. This is an important property in the current context due
to the various dependence structures (including cointegration) that may exist between x+

t and x−
t .

Additionally, we test for the significance of the cumulative effect of positive and negative changes in the
retail and distribution price. We begin by obtaining the significance interval of the cumulative dynamic mul-
tiplier defined in section 5.2 through a block bootstrap method considering 500 repetitions. Then, a T-test is
performed in which the null hypothesis isL+or−

ICMS = 0 for the mean of the bootstrap estimation. This test will be
referred to as the “Asymmetry Test”.

5.4 Tax Anticipation and Model Selection
In the study conducted by Coglianese et al. (2017) compelling evidence is presented that demonstrates

anticipatory behavior among gasoline buyers in response to tax changes. The researchers found that consumers
strategically adjust their purchasing behavior in anticipation of tax fluctuations. Specifically, an increase in
gasoline purchases was observed prior to tax hikes, and a delay in purchases was noted preceding tax reductions.

Moreover, the research in Coglianese et al. (2017) also reveals that this anticipatory behavior is not exclusive
to retail consumers. The authors provide evidence that gasoline station operators and gasoline distributors also
adjust their purchase and storage choices in the days leading up to a gasoline tax change. This finding suggests
that the observed spike in the quantity of gasoline sold prior to gasoline tax increases likely reflects not only
shifts in the purchases of final consumers but also stockpiling by gasoline distributors and gasoline stations. The
researchers also provide evidence that large elasticity estimates are an artifact of not having accounted for shifts
in gasoline purchases in anticipation of gasoline tax changes. They argue that these large elasticity estimates
are a result of the failure to account for this anticipatory behavior.

Finally, the pattern of anticipatory behavior appears to be approximately symmetric in tax increases and
decreases. The study found that gas purchases decrease during the month leading up to gasoline tax decreases.
However, this effect was not statistically significant due to fewer tax decreases in the data Coglianese et al.
(2017). This finding suggests that both tax increases and decreases trigger anticipatory behavior among gasoline
buyers, although the evidence is stronger for tax increases.

A similar result comes from Dieler et al. (2015) that shows significant anticipatory behavior using Euro-
pean data. Additionally, they propose the following mechanism: the anticipation effect comes into play when
consumers, aware of an upcoming fuel tax increase, choose to fill their cars’ fuel tanks shortly before its imple-
mentation. As a result, these consumers end up refueling less in the following month. The reasons proposed for

7constant terms and their role in the cointegrating equation may affect the distribution as well, as in the Johansen cointegration
test.
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the reduction in consumption following a tax hike suggested by the authors are two. First, based on a demand
reaction, the increase in the retail price of motor fuel because of the tax increase makes fuel more expensive,
leading to less consumption. Second, Due to anticipatory behavior, fuel tanks are fuller at the beginning of the
tax month than in months without a tax increase. The aspect of a fuller fuel tank at the start of the tax month
is identified as an anticipation effect or an inter-temporal shifting of fuel purchases. This shift does not change
overall fuel consumption, it merely alters the timing of when the fuel is purchased.

For that reason when selecting for the optimal lags (p, q) in the model in equation (5) it was allowed for the
possibility of anticipation, that is, for the existence of negative lags in the considered models. The benchmark
used for selecting the optimal model was information criteria, more specifically AIC and SIC following the
selection method used in Atil et al. (2014).

To select the number of lags to be considered in our model we allow p, in equation (5) to assume every
integer value in the interval (0, 20) and q to assume the value of all integers in the interval (−20, 20). For all
the four periods considered the number of lags that are consistently chosen is (p, q) = (3, 2). Additionally, we
observe no benefits of including anticipation lags, as their introduction does not appear to have any downward
effect on the information criteria applied.

6 Results
This section presents the results of the proposed methodology described in subsection 5.1, as well as the

bounds tests proposed in subsection 5.3. The models will be estimated for the four proposed periods presented
in the Data section, more specifically in subsection ??, which presents the gas prices data. All models presented
in this section, as specified in Section 5, are modeled in “Reais” (R$).

The results are derived from the application of the model proposed in Section 5, in the functional forms
described in equations (5) and (5) for respectively the retail and distribution prices. The equations (9) and (??)
will be used to estimate the models under symmetric restrictions for the long and short runs, as previously
described. Further, a symmetric model is estimated, to provide a basis for comparison.

Additionally, the necessary bounds test is displayed in each table, as well as the mentioned symmetry test
using the bootstrap methodology for the cumulative dynamic multiplier concerning the aggregated effects of
changes in ICMS for each model. Given the non-stationary nature of the variables, the cointegration test for the
relevant variable can be found in the Annex and the appropriate bounds test is exhibited for every estimation.

6.1 Asymmetries in the short and long run
This section presents the results of the model specified in equations (5) and (5) that accounts for pass-

through asymmetries in both the short and long run for the retail and distribution prices of Common Gasoline.
The tables 1 and 2 display the results for the retail and distribution price, respectively. In each table columns
(1)-(4) represents the four different periods outlined in section ??.

Additionally, the results tables, such as Table 1, present tests that allow us to better interpret the measured
asymmetries. The field named “Asymmetry T-Test“ presents the p-value of a two Sample t-test of the bootstrap
samples where the Null Hypothesis (H0) is that the long-run dynamic multipliers (either L+

ICMS or L
−
ICMS) are

equal to zero. Further, the field named “SR Asymmetry Test“ tests for the equality between the sum of the
positive and negative short-run coefficients (H0), and the p-values are displayed.

The results presented in Table 1 indicate that we find symmetric short-run pass-trough in the first three
periods, as we fail to reject the null hypothesis of the “SR Asymmetry Test”, the short-run asymmetry of the
for period is significant at 90% confidence level. However, it’s noteworthy that, for the first and third periods -
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Table 1: Main Results: Asymmetric response on the retail price

Dependent Variable: ∆Rt

Model: (1) (2) (3) (4)

Variables
Rt−1 -0.0890∗∗∗ -0.0712∗∗∗ -0.1311∗∗∗ -0.1399∗∗∗

(0.0107) (0.0039) (0.0131) (0.0057)
ICMS+

t−1 0.0650∗∗∗ 0.0711∗∗∗ 0.1193∗∗∗ 0.1549∗∗∗
(0.0177) (0.0078) (0.0205) (0.0104)

ICMS−
t−1 0.0472∗∗∗ 0.0672∗∗∗ 0.1036∗∗∗ 0.1564∗∗∗

(0.0168) (0.0086) (0.0203) (0.0094)
∆Rt−1 -0.1949∗∗∗ -0.2621∗∗∗ -0.1231∗ -0.0076

(0.0297) (0.0213) (0.0645) (0.0087)
∆Rt−2 -0.0272 0.0133 0.0939 -0.0731∗∗∗

(0.0299) (0.0175) (0.0686) (0.0111)
∆ICMS+

t 0.0255 0.2397∗∗∗ 0.2210∗∗∗ 0.1346∗∗∗
(0.0464) (0.0305) (0.0396) (0.0273)

∆ICMS+
t−1 0.0879∗∗ 0.0873∗∗∗ 0.0614 0.1143∗∗∗

(0.0414) (0.0288) (0.0398) (0.0243)
∆ICMS−

t 0.0322 0.1772∗∗∗ -0.0011 0.0924∗∗∗
(0.0438) (0.0495) (0.0679) (0.0309)

∆ICMS−
t−1 -0.0596 0.1800∗∗∗ 0.0296 0.0310

(0.0487) (0.0452) (0.1166) (0.0365)
L+
ICMS 0.721*** 1*** 0.91*** 1.108***

L−
ICMS 0.534*** 0.949*** 0.797*** 1.119***

Fixed-effects
Municipality Yes Yes Yes Yes
Date Yes Yes Yes Yes

Fit statistics
Asymmetry T-Test 2.18× 10−52 7.71× 10−17 4.76× 10−48 0.0036
R2 0.11679 0.33439 0.39727 0.47636
Observations 47,988 72,570 30,375 40,906
BIC -227,717.7 -326,837.3 -113,400.4 -131,219.4
FPSS 4.73× 10−15 3.02× 10−74 2.28× 10−22 4.87× 10−131

SR Asymmetry Test 0.15354 0.69816 0.13417 0.05198

Clustered (cidade_estado) standard-errors in parentheses
Signif. Codes: ***: 0.01, **: 0.05, *: 0.1
L+
ICMS and L

−
ICMS represents the long-term cumulative effect of the ICMS’s incidence over the

prices. Their reported p-values were obtained through a bootstrap with panel block resam-
pling considering 500 replications.

columns (1) and (3) - the negative short-run coefficients are not statistically significant, despite their sum being
equal to their positive counterparts.

The long-run coefficients show a different pattern, as in all four periods we find statistically significant
asymmetry. For the first three periods, we observe that positive shocks are, on average, more intensely passed
on to retail prices. For example, in period (3) we see that, on average, for every R$1,00 increase in the ICMS
collection, R$0,91 is passed on to the final price, and this value reduces to approximately R$0,80 when we
observe a R$1,00 reduction in the ICMS collection. A similar pass-trough is observed in the second period,
model in column (2), as for every R$1,00 in the positive difference we observe an R$ 1,00 increase in the final
consumer price, a 1:1 ratio. This transmission drop to R$ 0,95 when observing negative fluctuation in ICMS.

The fourth period observes a reverse of this trend where the negative changes in costs (measured in the
ICMS) are slightly more passed on to the final costs, R$1,12 for every R$1,00 variation, as opposed to R$1,11
for the positive variations. So, with the exception of the first period, we observe integral pass-trough with
limited asymmetries in both the short-run, where they are statistically nonexistent, and in the long-run, where
they are numerically proximate. This integral passthrough, even for negative changes in cost through a decrease
in VAT is not unheard of, as Schmerer and Hansen (2023) finds similar results when analyzing a recent fuel tax
rebate made by the German government.

A similar conclusion to the ones drawn from the retail prices model arises from the analysis of the distribu-
tion prices. Once again, to the exemption of the first period, we found no statistical evidence of asymmetry in
the short-run, through an analysis of the “SR Asymmetry Test”.
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Table 2: Main Results: Asymmetric response on the distribution price

Dependent Variable: ∆Di,t

Model: (1) (2) (3) (4)

Variables
Dt−1 -0.1699∗∗∗ -0.1666∗∗∗ -0.2058∗∗∗ -0.2770∗∗∗

(0.0192) (0.0174) (0.0137) (0.0130)
ICMS+

t−1 0.1704∗∗∗ 0.1652∗∗∗ 0.2017∗∗∗ 0.3044∗∗∗
(0.0201) (0.0261) (0.0210) (0.0246)

ICMS−
t−1 0.1563∗∗∗ 0.1648∗∗∗ 0.1683∗∗∗ 0.2728∗∗∗

(0.0186) (0.0257) (0.0234) (0.0179)
∆Dt−1 -0.3717∗∗∗ -0.1626∗∗∗ -0.0506∗∗∗ 0.0365∗∗∗

(0.0253) (0.0275) (0.0188) (0.0130)
∆Dt−2 -0.0699∗∗∗ -0.1220∗∗∗ -0.1716∗∗∗ -0.2001∗∗∗

(0.0255) (0.0242) (0.0210) (0.0176)
∆ICMS+

t 0.0649∗ 0.1942∗∗ 0.1044 -0.0276
(0.0368) (0.0716) (0.0674) (0.0426)

∆ICMS+
t−1 0.2184∗∗∗ 0.1881∗∗ -0.1223∗∗∗ -0.0296

(0.0451) (0.0885) (0.0400) (0.0495)
∆ICMS−

t -0.0273 0.0674 0.1476∗∗ 0.0592
(0.0490) (0.1020) (0.0696) (0.0503)

∆ICMS−
t−1 -0.0243 0.3431∗∗ 0.0270 -0.0499

(0.0418) (0.1529) (0.1045) (0.0514)
L+
ICMS 1*** 0.995*** 0.979*** 1.098***

L−
ICMS 0.918*** 1.001*** 0.811*** 0.982***

Fixed-effects
Municipality Yes Yes Yes Yes
Date Yes Yes Yes Yes

Fit statistics
Asymmetry T-Test 0.0001 0.2802 0.0001 0.0001
R2 0.29339 0.44331 0.31747 0.67143
Observations 21,204 7,670 16,767 16,950
BIC -121,111.2 -37,367.7 -67,465.0 -56,780.8
FPSS 0.0001 0.0001 0.0001 0.0001
SR Asymmetry Test 0.00014 0.90077 0.22852 0.55067

Clustered (cidade_estado) standard-errors in parentheses
Signif. Codes: ***: 0.01, **: 0.05, *: 0.1
L+
ICMS and L−

ICMS represents the long-term cumulative effect of the ICMS’s incidente over the
prices. Their reported p-values were obtained through a bootstrap with panel block resampling
considering 500 replications.

Although there exists a statistically relevant asymmetry in the long-run dynamic multipliers, L+
ICMS and

L−
ICMS, the estimated coefficients are numerically proximate, with the biggest difference being perceived in the

third period where a unit change in ICMS caused an R$0,98 increase in the distribution price when the variation
is positive, and a decrease of R$0,81 when the variation is negative

6.2 Asymmetries only in the short run
As proposed by Borenstein et al. (1997), and later presented by Shin et al. (2014) we can repeat the same

model of Tables 1 and 2 imposing symmetrical long-run pass-through, as previously presented in equation
9. Tables 3 and 4 present the results of such estimations for the retail and distribution prices respectively,
both measured in “reais” (R$). By and large, we observe the same general results pattern as displayed in the
unrestricted model repeats.

For all periods, with the exemption of the last one for the retail price model, the short-run asymmetry test
fails to reject the null hypothesis, indicating we do not observe short-sun asymmetries in the ICMS passthrough
to both the retail and distribution prices. Once again, a few periods, for both the retail and distribution prices,
have short-term negative coefficients statistically equal to zero, even though we observe symmetry through the
performed asymmetry t-test.

For this restricted model LICMS represents the cumulative effect of a unit change, in Reais (R$), in ICMS
on the retail price. The overall values confirm the results of the first table, in terms of cumulative effects. We
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Table 3: Asymmetric response on the distribution price. Asymmetries are considered only for the short run.

Dependent Variable: ∆Rt

Model: (1) (2) (3) (4)

Variables
Rt−1 -0.0884∗∗∗ -0.0711∗∗∗ -0.1307∗∗∗ -0.1399∗∗∗

(0.0107) (0.0039) (0.0130) (0.0057)
ICMSt−1 0.0534∗∗∗ 0.0708∗∗∗ 0.1123∗∗∗ 0.1560∗∗∗

(0.0168) (0.0077) (0.0191) (0.0091)
∆Rt−1 -0.1951∗∗∗ -0.2621∗∗∗ -0.1234∗ -0.0076

(0.0297) (0.0213) (0.0645) (0.0087)
∆Rt−2 -0.0272 0.0132 0.0937 -0.0731∗∗∗

(0.0299) (0.0175) (0.0686) (0.0111)
∆ICMS+

t 0.0196 0.2389∗∗∗ 0.2201∗∗∗ 0.1350∗∗∗
(0.0466) (0.0306) (0.0396) (0.0273)

∆ICMS+
t−1 0.0935∗∗ 0.0868∗∗∗ 0.0675∗ 0.1137∗∗∗

(0.0414) (0.0288) (0.0392) (0.0239)
∆ICMS−

t 0.0396 0.1816∗∗∗ -0.0033 0.0921∗∗∗
(0.0446) (0.0490) (0.0680) (0.0311)

∆ICMS−
t−1 -0.0585 0.1807∗∗∗ 0.0187 0.0311

(0.0486) (0.0450) (0.1172) (0.0364)
LICMS 0.595*** 1*** 0.855*** 1.119***

Fixed-effects
Municipality Yes Yes Yes Yes
Date Yes Yes Yes Yes

Fit statistics
R2 0.11653 0.33438 0.39724 0.47636
Observations 47,988 72,570 30,375 40,906
BIC -227,714.5 -326,846.9 -113,409.1 -131,229.9
SR Asymmetry Test 0.18245 0.63360 0.11090 0.05199

Clustered (cidade_estado) standard-errors in parentheses
Signif. Codes: ***: 0.01, **: 0.05, *: 0.1
LICMS represents the long-term cumulative effect of the ICMS’s incidence over the prices.
Their reported p-values were obtained through a bootstrap with panel block resampling con-
sidering 500 replications.

observe an almost integral pass-through of changes in the collected ICMS, with the exception being again the
first period for the retail model, where a relatively low dynamic multiplier is found, of just R$0,59 for every
R$1,00 change in the ICMS. The remainder of the periods presents a cumulative effect between approximately
R$0,85 to R$1,12.

A very similar set of results is found when looking at the distribution price in Table 4, with a few differ-
ences. In this specification, only the first period presents short-run asymmetry, identical to the main results
for the distribution price (Table 2). The symmetric long-run dynamic multiplier ranges between 0.93 and 1.00
according to the periods, these results are in line with the ones previously presented in the unrestricted model.

6.3 Symmetric response
Finally, the results for the model that imposes symmetry in the long-run and the short-run are presented in

Table 5 for the retail and distribution prices. Similar results from the previous models are found in this version
of the restricted model in relation to the cumulative multiplier estimated.

For the retail price model, we find cumulative effects similar to the previous model, with the first period
being once again with the lowest ICMS cumulative pas-trough, and the remainder of the periods with cumulative
values close to unit. For the distribution price once again cumulative values close to the unit are found, indicating
integral (1:1) passthrough from variations in the ICMS collected.

There are a few possible explanations for the observed behavior. As mentioned in Section 4 previous liter-
ature found regular frequency passthrough asymmetry in the fuel market, in both the chains investigated in the
current work: retail and distribution.

We hypothesize that the main results observe, i.e. the lack of symmetry in the short-run and close cumulative
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Table 4: Asymmetric response on the distribution price. Asymmetries are considered only for the short run.

Dependent Variable: ∆Di,t

Model: (1) (2) (3) (4)

Variables
Dt−1 -0.1694∗∗∗ -0.1666∗∗∗ -0.2055∗∗∗ -0.2757∗∗∗

(0.0187) (0.0174) (0.0138) (0.0135)
ICMSt−1 0.1588∗∗∗ 0.1651∗∗∗ 0.1879∗∗∗ 0.2782∗∗∗

(0.0187) (0.0256) (0.0195) (0.0173)
∆Dt−1 -0.3717∗∗∗ -0.1626∗∗∗ -0.0508∗∗∗ 0.0359∗∗∗

(0.0253) (0.0275) (0.0188) (0.0130)
∆Dt−2 -0.0697∗∗∗ -0.1220∗∗∗ -0.1717∗∗∗ -0.2007∗∗∗

(0.0255) (0.0242) (0.0210) (0.0176)
∆ICMS+

t 0.0610 0.1940∗∗ 0.1045 -0.0382
(0.0372) (0.0724) (0.0670) (0.0439)

∆ICMS+
t−1 0.2259∗∗∗ 0.1880∗∗ -0.1084∗∗∗ -0.0163

(0.0448) (0.0887) (0.0406) (0.0464)
∆ICMS−

t -0.0230 0.0685 0.1380∗∗ 0.0644
(0.0493) (0.1036) (0.0684) (0.0510)

∆ICMS−
t−1 -0.0224 0.3439∗∗ -0.0023 -0.0498

(0.0419) (0.1456) (0.1019) (0.0511)
LICMS 0.933*** 0.992*** 0.916*** 1.007***

Fixed-effects
Municipality Yes Yes Yes Yes
Date Yes Yes Yes Yes

Fit statistics
R2 0.29303 0.44331 0.31726 0.67121
Observations 21,204 7,670 16,767 16,950
BIC -121,110.3 -37,376.6 -67,469.6 -56,779.4
SR Asymmetry Test 0.00016 0.89114 0.38178 0.53922

Clustered (cidade_estado) standard-errors in parentheses
Signif. Codes: ***: 0.01, **: 0.05, *: 0.1
LICMS represents the long-term cumulative effect of the ICMS’s incidence over the prices.
Their reported p-values were obtained through a bootstrap with panel block resampling con-
sidering 500 replications.

Table 5: Symmetric model fro retail and distribution price.

Dependent Variable: ∆Rt

Model: (1) (2) (3) (4)

Variables
Rt−1 -0.0884∗∗∗ -0.0711∗∗∗ -0.1303∗∗∗ -0.1398∗∗∗

(0.0107) (0.0039) (0.0130) (0.0057)
ICMSt−1 0.0530∗∗∗ 0.0707∗∗∗ 0.1073∗∗∗ 0.1544∗∗∗

(0.0168) (0.0077) (0.0188) (0.0090)
∆Rt−1 -0.1951∗∗∗ -0.2623∗∗∗ -0.1239∗ -0.0077

(0.0297) (0.0213) (0.0644) (0.0087)
∆Rt−2 -0.0271 0.0132 0.0935 -0.0733∗∗∗

(0.0299) (0.0175) (0.0686) (0.0110)
∆ICMSt 0.0299 0.2287∗∗∗ 0.1262∗∗∗ 0.1145∗∗∗

(0.0295) (0.0272) (0.0333) (0.0206)
∆ICMSt−1 0.0207 0.1030∗∗∗ 0.0514 0.0760∗∗∗

(0.0341) (0.0249) (0.0540) (0.0217)
LICMS 0.593*** 0.999*** 0.858*** 1.115***

Fixed-effects
Municipality Yes Yes Yes Yes
Date Yes Yes Yes Yes

Fit statistics
R2 0.11640 0.33433 0.39703 0.47628
Observations 47,988 72,570 30,375 40,906
BIC -227,728.6 -326,864.0 -113,419.6 -131,245.1

Clustered (cidade_estado) standard-errors in parentheses
Signif. Codes: ***: 0.01, **: 0.05, *: 0.1
LICMS represents the long-term cumulative effect of the ICMS’s incidence over the
prices. Their reported p-values were obtained through a bootstrap with panel block
resampling considering 500 replications.

Dependent Variable: ∆Di,t

Model: (1) (2) (3) (4)

Variables
Dt−1 -0.1691∗∗∗ -0.1666∗∗∗ -0.2055∗∗∗ -0.2759∗∗∗

(0.0187) (0.0174) (0.0138) (0.0134)
ICMSt−1 0.1558∗∗∗ 0.1652∗∗∗ 0.1906∗∗∗ 0.2793∗∗∗

(0.0188) (0.0253) (0.0194) (0.0170)
∆Dt−1 -0.3717∗∗∗ -0.1630∗∗∗ -0.0507∗∗∗ 0.0359∗∗∗

(0.0253) (0.0275) (0.0188) (0.0130)
∆Dt−2 -0.0695∗∗∗ -0.1219∗∗∗ -0.1716∗∗∗ -0.2007∗∗∗

(0.0255) (0.0242) (0.0210) (0.0176)
∆ICMSt 0.0211 0.1790∗∗∗ 0.1173∗∗ 0.0160

(0.0310) (0.0636) (0.0478) (0.0321)
∆ICMSt−1 0.1055∗∗∗ 0.2076∗∗ -0.0696 -0.0348

(0.0315) (0.0779) (0.0491) (0.0323)
LICMS 0.945*** 0.987*** 0.912*** 1.011***

Fixed-effects
Municipality Yes Yes Yes Yes
Date Yes Yes Yes Yes

Fit statistics
R2 0.29223 0.44314 0.31721 0.67115
Observations 21,204 7,670 16,767 16,950
BIC -121,106.5 -37,392.1 -67,487.8 -56,795.7

Clustered (cidade_estado) standard-errors in parentheses
Signif. Codes: ***: 0.01, **: 0.05, *: 0.1
LICMS represents the long-term cumulative effect of the ICMS’s incidence over the prices.
Their reported p-values were obtained through a bootstrap with panel block resampling
considering 500 replications.
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passthrough in the long-run, with close to integral cost transmission, is in part due to the ICMSmechanism. The
published PMPF may be acting as a focal point for determining the retail and distribution prices in the market.

The publicity of prices has been known to affect market price dynamics. For example, Luco (2019), when
analyzing a policy of mandatory price publicity led by the regulation authority in Chile suggest that price-
disclosure policies may have important distributional effects. 8

Similarly, Dewenter et al. (2017) shows a significant impact of the publicization of retail prices in the gaso-
line market. The authors present the problem as two orthogonal forces: while consumers accelerate their deci-
sions as a consequence of the information gains, firms also have additional information. The authors relate the
expected results to Kühn and Vives (1995) who identify two effects of uncertain demand and information shar-
ing among firms. First, the “output adjustment effect”, decreases output adjustment to demand due to increased
information. This effect’s magnitude depends on market competition; price setting leads to more output adjust-
ment with more information, while strategic price usage reduces output adjustment, increasing deadweight loss.
Second, the ’preference for variety’ effect influences output uniformity based on shared demand information.
If demand shocks are common, outputs become uniform; if firm-specific, outputs diverge.

In the case analyzed in the current work, each state’s fiscal authority releases, bi-weekly, tee weighted mean
of prices practiced in the state in the previous period. Facing a similar question, Asplund et al. (2000) states that:
“for a tax change, there is a natural focal point since such changes are known in advance. While examining
how prices adjust for changes in tax the authors found that a tax change produces an integral and fast price
adjustment. The study also finds long-run price asymmetry while looking at the spot market price of premium
leaded gasoline, with its model being more explanatory for price increases than price cuts.

The overall results found in Asplund et al. (2000) approximate the results presented in this section, and
some explanations can be drawn, in accordance with the previous work of Luco (2019) and Dewenter et al.
(2017). The disclosure of a mean weighted price in each state, every two weeks, may create a focal point for
price determination, both in the retail as well in the distribution link of the supply chain, a theory that has been
partially supported by the Brazilian competition authority (CADE) in CADE (2018). If the presented holds true,
the gas stations and distributors would have incentives to follow the adjustment path of the PMPF’s variations.
An increase in the PMPF would prompt the market agents to pass on the trend to the prices, as it would be seen
as a natural market trend. On the other hand, negative variations would also be passed on to prices, even if
not integrally, as deviating from a market trend could implicate a negative demand shock, as the entire market
reduces prices and only one retailer/distributor holds prices equal.
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